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Tevatron Experiments

e Fermilab’s Tevatron Run Il pp collider at 1.96 TeV, running since
2001. Currently performing very well:

- 3.3:1032 cm? s! new record! set 2 weeks ago! (November 4th
2008)
e Two multi-purpose detectors (CDF,DO) well-understood
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Integrated luminosity
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The rarest SM processes

* Tevatron collider has been a discovery Hadronic colliders are QCD factories
machine . - QCD cross sections usually
- Top quark in 1995! many orders of magnitude (>9)
* Tevatron collider is also a precision machine higher than the top and Higgs

- My, known @ 0.05%, M,,, <1% signal

Total Inelastic e Experimentalists prefer to look at

jets (99, 99, 99) signatures with leptons whenever
possible!

- 1(2) lepton — backgrounds at
most 4(3) orders of magnitude
higher than signals in this talk

) (W/Z production)

WZ, Singlté Top, ZZ

- Analyzing complementary

Low Mass SUSY samples allows to increase

precision/sensitivity when

100 120 140 160 180 200 ) ,
Higgs Mass [GeV/c?] looking for small signals!
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The CDF Il detector
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Quark/gluon ID

* Quark are identified through the
hadronic shower, i.e. jets

 Jet reconstruction algorithm at CDF is
cone based. Loops over calorimetric
towers

Calorimeter jet

- Jet energy resolution driven by
had cal resolution 80%/VE;

- Jet energy scale known@™ 3%

- Cracks in the calorimetry lead to
underestimate in jet Et — often
source of apparent energy
imbalance

e Advantages of jets wrt to leptons:

- jet reconstruction efficiency is
~100%

- Angular acceptance covers almost Z,v.q
all solid angle (|n]<2.8)
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Jets at CDF

o177 .
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b-quark ID

v" SecVTX: b-quark can be identified thanks to the long lifetime of the B
hadrons they give rise to: identification though search of a secondary
vertex within a jet:

) SecVix Tag Efficiency for Top b-Jels
= 0B . displaced
g Tight SecVix tracks
o
g 05 Loose SecVix Secondary
:G:J vertex
o 04
1 | o
\/ ~ >/ 03f Prima T
- ° N ry - K
b-tag eff: ~40% Pimary i do
o 02f
fake rate ~ 0.5% %
. Top MC scaled to malch data y
° £ Only b-jets with E;>15 GeV
C I E - | U A A - | Lol | U . - | P, S
0 02 04 06 08 1 12 14 16 18 2 : v
ietn P

—— Prompt Jet

v JetProb: Jet tagging probability algorithm: } Charm Jet
determines the combined probability that the —— BottomJut
tracks within a jet are consistent with coming

from the primary vertex T

v' Btag eff “50%
v Fake rate™ 5%
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Lepton ID

The experimentalist point of view:

E|eC|'rons: CDF Muon Coverage

LN
O PR

e

Pt measurement from central tracking chamber 0
shower max matching (reject %) isolation (reject 2
showers from quark) 1

Muons: ’

e matching between track in central tracker and stubs
in muon chambers (if |1]|<1.3), isolated track 2
otherwise 3

Taus:

« leptonic taus identified through above bullets, Jets fill the gaps!

isolated cluster in the calorimeter matched to 1 or 3 * Non isolated

electrons appear

tracks .
as |ets
Neutrinos: « Hadronically
e appear as calorimetric energy flow imbalance in the decaying s
transverse plane - Missing transverse energy (MET) appear as jets
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Multivariate techniques

Need for analysis which maximize the discrimination power by looking at
global kinematics of signal and backgrounds, i.e. need for multivariate
techniques

CDF and DO use two different classes of multivariate techniques:

Use the full dynamics of the event through the knowledge of
the matrix element
Build signal and background probabilities

]
PS8 (x| M) = N / /‘T’\MH;| X P(q1)P(qy) % H P i\pi)

VTR
ME PDFs Final state 4-vectors

Used as a discriminating distribution for signal and background, to measure
- Top mass
- Single top cross section measurement
- Higgs searches
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Machine learning techniques

Probability density estimators for each variable combined
into one (popular in HEP). Returns the likelihood of a sample belonging to a
class. Projection ignores correlation between variables.

such as boosted decision trees and neural

networks (NN) (also evolutionary ones). Exploit correlation among different
observables.

Wikipedia on machine-learning:

Applications [edit]

Applications for machine learning include natural language processing, syntactic pattern recognition, search engines,
medical diagnosis, bicinformatics, brain-machine interfaces and cheminformatics, detecting credit card fraud, stock

market analysis, classifying DMA sequences, speech and handwriting recognition, object recognition in computer
vision, game playing and robot locomaotion.

...and particle physics!(yes, sometimes we are slow learners)
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The top quark

Last discovered quark!

41 A gold atom! .
10 * Top mass is a fundamental parameter
103 l in the SM
- Yukawa coupling ~ 1: hint of
% 1()2 - 6 ord?rs of special role of the top quark?
O 10" F magnitude! - M, enters in radiative
" P e corrections allowing constraint on
@ 10" Higgs mass
© S
Eq0'F w AM,, M2 AM,, =InM,
2 H
10 d t
3| U W & W W LW
10 e TV Y Y VARFUUN, VU, VOO
N °
10° - * Top cross section at 1.96TeV is
10-10 " Vi O(pb)
» | — tens of thousands produced!
10 Ve - Tevatron is a (small) top factory

Fabrizio Margaroli CERN EP/PP seminar 12



Top production at the Tevatron

Top quarks at the Tevatron are produced either through with a

cross section of approximately 7pb™ and relatively striking final states

® Discovery mode in 1995 9 t .9 t

® Measuring the cross section probes \ v ’ <()()()()()
QCD computation, constrain new 9 \ 9 \
physics T g59 7Y 159 ¢

Or through with a cross section of 2.9pb" but findl

state similar to many SM processes! 9 ]

® Typical S/B™1/20 . . /

: cr. : : w

® Evidence difficult but achieved in / 5
2006, discovery hopefully YV b S
around the corner § " b s B

®* Allows direct measurement of
CKM element V,,

Fabrizio Margaroli CERN EP/PP seminar
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ttbar decay signature

u
w+ v
proton r cleanest channel - BUT lowest BR &
* g b neutrinos make event reconstruction
/ b difficult
q t
antiproton o q
® Leptontlets
T De+tauq golden channel: high branching ratio

AND good S/B ratio.

Omu+tau Metjets Emu+jets Otau+jets DOall had

® Missing Energy plus jets
good S/B ratio, charged lepton not
reconstructed

General strategy: perform measurements of o[ A|| hadronic

top properties in orthogonal samples: challenging channel: highest BR BUT

® Consistency check huge backgrounds

® Precision through combination
® Discrepancy might hint for new physics!
Fabrizio Margaroli CERN EP/PP seminar 14



All-hadronic channel

Light quark jet

A : Light quark e
. after specific trigger requirement of *
> 4 jets and Y E; 2 175 GeV, signal still
overwhelmed by QCD background
—-S/B~1/1000
— Discard events with large missing
energy - events with real (W+ijets) or
mismeasured jets
— Use Neural Network-based event
selection to distinguish the features of

bjet

ttbar signal over QCD background, FSRIGE |
kills >2 orders of magnitude of QCD (_COF Run i prefiminary |
* Ask for to reach reasonable 103%_ \ —
S/B ; : e Multi-jet events (1.02 fb™) .'.
— Use data-driven modeling for QCD: FE O | s ceued
parametrize probability to tag a b for e

generic backgrounds

o 0.2 0.4 0.6 038 1
NN output cut
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QCD background modeling

MC modeling suffers of

e poorly known cross-sections
* need generation of huge QCD

samples.

* Allows separation of heavy flavour
from light flavour quark production
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e Sample background dominated — data
itself can be used as representation of the

background.

« Use properties of jets tagged as b to

CDF Run Il preliminary |

"
10 N
E .
L ]
10° |-
. )
L ]

[ ]
e Multi-jet events (1.02 fb™) p
102 °
= L ] - -1
* tt(m=175 GeV/c%)
b
10k
1
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i ‘ . - . A
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output cut

<«— Check modeling in__,
QCD-dominated
control regions
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Previous all-had results

e Cross section measurement is first step as it requires

thorough understanding of background - done with 1fb!

» E
o] E +7 —— Data
©  700F
= Background
600 Back.+ 1 (8.3 pb)
5000
400
z o
300+
200;
b —+
| | | |
6 7 8
N

 After obtaining a relatively clean sample of ttbar events, and background
understanding, measure the top quark mass

~
S 1200 . Data
% 10007 [ ]Background
o B [t (c =83 pb)
& 800

600

400

200F

Biggest syst
source

&80 Sonres MTneertainty (Gev (e21]
§160 = I'I' + Data Jet: energy scale [ 4.5 |
[ E Tl _ Lenerator Lu
G140 Background +tt b-jet energy scale 0.5
120 - }. Background %ucion Distlri-l]iltiou Function 0.5
©100 - ackground shape 0.5
'..E. 80 |- { +T Background fraction 0.5
o k- ISR 0.5
60 - i FSR 0.5
40 - b W b-tag 0.5
20 L / N - MC statistics 0.1
T :’;ﬂ T Template parametrization 0.1
%0 100 150 200 250 300 350 400 Total 48

Fitted M, (GeV/c?)
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Phys.Rev.D76:072009,2007

Source Uncertainty (%)
Energy Scale 16.3
Parton Distribution Functions 1.4
Initial /Final State Radiation 2.9
Monte Carlo Modeling, 1.1
MMultiple interactions 2.5
Average nnmber of tags 7.4
Estimated background 2.5
Integrated luminosity 6.0

Biggest syst
source

Miop = 174.0 £2.2(stat.) £ 4.8(syst.) GeV/e?

Good statistical power, BUT
large uncertainty due to JES
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* Improved background modeling
allows now separation of events
according to number of b-tagged
jets — maximize statistical power

- b-tags also allow reduction in

NN event selection

Not used

4:1

1:5

20:1
20:1

1:2

combinatorics when
reconstructing the final state

CDF Run Il Preliminary (2.1 fb™)

CDF Run Il Preliminary (2.1 fb™)

1 tag events, JES=0
—+— Data

Expected Bkg
Bkg + tT (Mtop=175, o = 6.7pb

Fabrizio Margaroli

Events/0.01
=]
B
o

Expected Bkg
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M., Measurement technique

Signal kinematics is given by Pythia simulation

kinematically reconstruct events and pick a variable strongly correlated w.
the one under study

- Reconstruct 3jet invariant mass to measure M,

Compare data to simulated S & B through likelihood.

Calibrate measured mass with input mass to correct for bias in central value
and uncertainty

%“‘14 tt m* templates, 1 tag events (JES = 0.0) %0_12 [ i mi*° templates, 1 tag events (Mtop = 175.0)
(L] - (0] L
n B wn -
2012~ B Mtop = 160 3 Bl Es=30
= = —
g | B Mtop = 170 s 011 B ES=-10
s 01 Mtop = 180 s | JES=+10 °F
5§ [ Mtop = 190 §o-081 JES = +3.0
go.0s P(m™ | Mtop,JES) T P(m™° | Mtop,JES)
w - u'0.06

0.06- i

0.04|

o.oz:—

A

100 150 200 250 300
m™ (GeV) m™ (GeV)

"JES measured in units of nominal uncertainty
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JES measurement technique

Jet energy scale uncertainty (JES)

 Systematic from difference in jet E;
between data and Monte Carlo

* Biggest limiting systematic...BUT!
- We can reconstruct W —qq

decays and exploit known mass

to measure in situ the JES

l

S04
3 [ ttmy templates, 1 tag events (Mtop = 175.0)
i B
0.12 Bl Es=-30
X B Es=-10
s JES =+1.0
0.08|

Fraction of Events/(
(=]
—
T

)
Iglll

JES = +3.0
P(m** | Mtop,JES)

0.04|-
0.02 }
0 [ P n ol
0 50 100 150 200 250
my° (GeV)
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B Mtop = 160
I Mtop = 170
Mtop = 180
Mtop = 190
P(m(;” | Mtop,JES)

100 150 200 250
my” (GeV)
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The top mass measurement

e CDF measures in the all-hadronic channel the following top quark pole mass

M, =176.9 £+ 3.8 (stat+JES) £ 1.7 (syst) GeV/c?

top

CDF Run Il Preliminary, (2.1 fb) CDF Run Il Preliminary (2.1 fb™

@ 3r Su.25F T
w ot -Ln(LL__) Contours, 142 tags events 8 [ Expected AM,,, (stat + JES), Mtop = 177.0, JES = 0.0
[ ﬁ L
21 S -
- ® 0.2
B w L
ns s . AM,,, from PEs
i S0 sl
i ¥ E‘Ms —— Measured AM,,
0y w
- 0.1
-1
[ ¥ Fitted Values
F— -LI‘H:U'L_"}=|‘»5 (3a) r
‘2._ “LnfLL_ ) =2.0(2a) 0-05_
| — -Ln(LL_ }=0.5 (10}
Y PETTY PR IYPIN PRYYE PRRYE FYETY SEPRT PITTE ITEY)
P B BT
150 155 160 165 170 175 180 185 190 195 200 8 8 10
Mtop (GeV) AM,,, (stat + JES) (GeV)
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Output distributions

Reconstructed top mass Reconstructed W mass

CDF Run Il Preliminary (2.1 tb™) CDF Run Il Preliminary (2.1 tb™)
525“ N 1 tag events m:“ 5250 [ 1 tag events m::_‘
% —+ Data % [ —+ Data
c | c B
g200 B Fittea i E200f- I Fittea tt
- [ Fitted Bkg i [ Fitted Bkg
1501 150
B ¥2/Ndof = 53.3 /40 ] i.q g eve n 1'5 ) Jr #2/Ndof = 45.2 /38
100 : Prob = 0.078 - Prob = 0.197
sof
o 00 150 200 250 300 50 100 150 200 250
m™* (GeV) my° (GeV)
B CDF Run 1l Preliminary (2.1 fb™)
CDF Run Il Preliminary (2.1 fb™)
= 2 tags events m"™*
3 50— 2 tags evenlts m:“ w
B w
- Dat
% - —+ Data E ; aa
& a0l - Fitted tt
2 r B Fittea 1t - Bl Firted Bk
i Fitted Bk sl 9
g -
30~ X }l 42/Ndof = 9.7/26
- w&/Ndotf = 23.3 /27 30
5 [ Prob = 0.998
i 2 tag events | &
) 201
10 10f
ol % 50 100 150 200 250

i (GeV)
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Improvements in the channel

New ideas

| Efficiency MTOP_JES |

Fabrizio Margaroli

CDF Run Il Preliminary (2.9 fb™)

Expected Bkg

* Use jet broadness to S e,
discriminate quark-jets from
gluon-jets

F Bkg + tt (Mtop=175, o = 6.7pb)
160

~Further suppress QCD m;:
backgrounds o !
— 1

-Potential up top x2 sof- |
improvement in S/B (with * LH
roughly same efficiency) .. ... . ... ..

1
1.05 14
NN output

Better NN improves significance - statistical
uncertainty of measurements in this sample

But o, is systematically limited by JES

Use to reduce
uncertainty on cross section measurement

- Potential
with available lumi, and then scaling with

141l
For both improvements, more in the back-up!!
CERN EP/PP seminar




CDF combination

* Performing measurements in orthogonal channels allows us to
- probe consistency between different channels
- give confidence in the different modeling/measurement techniques

- Increase precision by combining them

CDF Top Quark mass (*Preliminar —
i o * CDF M,,,=172.4 + 1.0(stat) £ 1.3(syst) GeV/c?
Al haarne 186.0+10.0+ 5.7 =172.4 £ 1 .6(S|'CI|'+S)'S|') GeV/c2?
®
o 167.4+10.3+ 4.9 e 0.9% precision (CDF alone)
._._._.—
Lepton+jets . .
| .(RM 176.1+51+5.3 o
) 171222.7+ 29
. --——.—- =
epton+Jets (Lxy+lepton p; ©
Leptomes (Lysient 1 1753+ 6.2+ 3.0 2
e 1722:10:13| ,
BERESERRERE = AR RER e ¢ LGPTOI‘IIC channels
*:“15'5?15‘-??:5féféféféféfé'fiféfé55551'275659}5%53;53@521.655 S precision now
e 1724+1.0+13 2 limited Ey
. (stat.) = (syst. = 1. m I
*idof = 3.8/6 (71%) E S)'s e a Cs. .
| 1] o All-hadronic is
150 160 170 180 190 200 s NOT!

m,, (GeV/c')
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A M(total) GeVi/c®

-k

-
o

Future

prospects

CDF Top Mass Uncertainty Some remarks:
i (all channels combined) e Results by far surpass initial
; o expectations (3 GeV)
1fb" 2fb" 4fb” 8fb"
} o After in situ calibration, all-hadronic
result is still limited by statistics
v CDFResus R ¥ < 1% ( JES scales with 1/¥/ Lum )
* Run lla LJ goal (TDR 1996) ° CDF Gn.d Dq Iepton-l_lets reSU“'S
Scaleﬁ(s‘[aﬂfﬁ, Fix A{syst) nearly Idenhcal
(8ssumes no improvements) e Combined measurement is limited
_ Scale A(total) /L . .
(improvements required) b)’ S)’Stemths (See next Sllde)
| | 1 | 1 | 1 | | 1
10° 10° 10
Integrated Luminosity (pb ")
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Tevatron combination

e DO measures the top quark mass in
dileptonic and lepton+jets channel

e CDF and DO combined measurement in
July 2008 to give:

M, =172.4+0.7(stat)£1.0(syst) GeV/c?

top

* Need now to probe the magnitude of
systematic sources neglected before:

- Higher order diagrams (NLO)

- Color reconnection effects between
final state particles

* Hope to understand these systematic
effects by winter conferences

Fabrizio Margaroli CERN EP/PP seminar

Mass of the Top Quark (*Preliminary)
, @
CDF-I di-I 167.4 +10.3+ 4.9
_ @
DO-1 di-l 168.4 +12.3 + 3.6
‘CDF-Ii di-l 1712+ 27+29
. _ ——
DO-II di-l 1744 £+ 3.2+ 2.1
, ®
CDF-I I+ 1761+ 5.1+ 5.3
DO-I 1+
] 1801+ 3.9+ 3.6
‘CDF-ll 14 | 1722+1.0+£1.3
'DO-lla 4] B | 1715+15+15
'DO-1lb 1+ [ 8 173.0£1.3+1.7
_ @

.CDF-IaII—J 186.0 +10.0+ 5.7 .
'CDF-Il trk 1753+ 6.2+ 3.0
‘Tevatron July'08 | 1724+0.7+1.0

" T(stat) = (syst
| | ¥ Idof = 6.9/11.0 (81%)
| |

150 160 170 180 190 200
m,. (GeV/c))
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How it fits in the big picture (SM)

* Running traditional
LEP EWK fits,

Direct SM constraints Indirect

Date | H mass from Mtop OMW | EWK fit updated using latest
LEP Il (GeV) | (GeV) (MeV) | (GeV) Tevatron W boson

2000 >108 174.3:5.1| 49.62 | 76,<188 mass (ICHEP 2008)

2004 >114.4 178.2+4.3 | 42,59 | 114,<260

July 2008
1

2006 >] ]44 ]71 4124 33'59 85'<] 66 1 — LEP2 and Tevatron (prel.)
2008 >114.4 172.4:1.2 | 33,39 | 84,<154 80,8 == and el
1 68% CL
oo0] T T T . % |
| ¢ EWK predicitons were & __, | p—
ﬁiﬁ:!;‘ e 1 = 80.
. verified in the top =
% 150 - K d =
S I%I -Sra/igggtraint: quar mass - .goo """"
= ol agreement with SM 80.3 1 -
1001 . ] |
‘ - Will it happen for A4 306 00
Direct search lower limit (95% CL) 1 the H|ggs (|f it Lt 175 200
201990 1995 2000 2005 . m, [GeV]
exists)®
Year
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Higgs strategy at the Tevatron

SM Higgs production
T T | LI LI | T

LI T
3
10 - R TeV 11 E
c[fb] | ]
S qq — Wh
2
1071 :
i aq — qgh - 8
bb — h \
10 qq — Zh =
gg.qq — tth
| TeV4LHC Higgs working group
1 | | L1 | | 11 | L1 1 |

s my < 135GeV:
BR(H—bb) dominates:
gg — H — bb too challenging!

Look at HV evts, use W/Z signatures to increase S/B

135< m,, <200GeV:

100 120 140 160 180

200

QCD irreducible

gg — H — WW with leptonic W decays

Fabrizio Margaroli
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Higgs production cross secton at the

Tevatron:
« gg—H highest production x-sec

.  W/Z+H about a order of
magnitude smaller

e,
ey
4+
o
(@)
=
o
w
c
=
L 0.1} 11
10-2 L
'IO_'} I.i - n —L
100 120 | 140 160 180 200
Higgs Mass (GeV/c)
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Higgs @ LHC/Tevatron

U U U U U [V U U [U U U U [ U U U U [ U U DU U U U U U S U U U uu e
i Y H+X 7
102 (pp —>H+X) 1107
F Vs =14 TeV 3
10F & ml=175GeV 4106
E e CTEQ4M
B O1F owh, T 10°
& g .-,.-::..: \\\‘ .
©101E i, 0 104
102y I 102
1073 % M. Spira et al. .hw“mnmu:h~*“~:1i:r:fifﬁ:mh;102
Noaco /T 2
10_4 1l 1 1 1 -| ..... 1
0 800 1000

events for 10° pb~!

Plan is to use rare
decays to improve S/B
 will need high
luminosity

Fabrizio Margaroli

10
G [fb]

SM Higgs production

gg.qq — tth

TeV4LHC Higgs working group
I |

e ot TeVIl

L [ Ll L
100 120 140 160 180 200
e Rare decays are a
luxury here
* available statistics is
limited

CERN EP/PP seminar

« Tevatron experiments
cannot afford this
strategy



Why not high mass in this talk

High mass searches (135 GeV < MH < 200 GeV) are not covered in this talk; let’s

look at hadronic signatures
®* g9 = H—=WW —qqqq
* WH—-WWW - qqqqqq

® Z/H—- ZWW —bb/vv qqqq: x-sec X BR even lower

SM Higgs cross section (HIGLU, V2HV)

0.1¢

100 120 140 160 180 200
my (GeV/c?)

Fabrizio Margaroli CERN EP/PP seminar

1 SM Higgs branching ratios (HDECAY)

: “low” jet multiplicity, no b-jets in the final state
lower x-sec and no b-jets in the final state

0.1} ¢

102

103

Yy

100

120

2
my (GeV/c4)
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General low mass Higgs strategy

* Only a handful of Higgs events in each
channel

Events produced at CDF in 1 b’

70
0
* Backgrounds orders of magnitude € 60!
T
higher 0 50/
_ 40'2- S
e H— bbis aresonance, but a broad 300 . A THAWWA Y- N
one due to calorimeter resolution! 9o N o
. e = > ZH3Wbb; Iibb
- Dijet mass resolution ~13% e S O I N
f10 120 130 140 150 160 170 180

* Single channels not sensitive to Higgs

Higgs mass (GeV)

- Exclusion can be achieved by
combination of DEDICATED
analysis for EACH channels from
BOTH experiments!

Fabrizio Margaroli CERN EP/PP seminar 31



® Dileptonic ZH — |l bb
cleanest channel and fully

reconstructed final state - BUT lowest [ 70
oXBR £ 60
i 0 50—
® Leptontlets WH — |v bb ‘i A RO
good S/B ratio, limited lepton S WHSIvb
coverage : ¥

® All hadronic WH/ZH — qq bb
challenging channel: highest BR BUT

Low mass Higgs

Events produced at CDF in 1 b’

F o
P

/H-)WW-)lle L

huge QCD physics backgrounds (hard

to reduce)

o M
v/vv/ll bb

issing Energy plus jets WH/ZH —

have acceptance to different Higgs

processes, BUT huge QCD
\instrumental background J

h

Fabrizio Margaroli

CERN EP/PP seminar

£107120 130 140 150 160 170 180

Higgs mass (GeV)
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ZH/WH— missing E; +jets

Acceptance to HV production through H — bb decay and many different vector

MET)
33

jets=

ismeasured

>
b
- QA L
G oo 2 L
Pt

CERN EP/PP seminar

T
0 o o o s
Ko a2 2 e
J’.v.—.&’*‘f‘..-..

-

ture —large number of signal events

dentified leptons—QCD instrumental contribution huge!(m
' generic signa

boson decay modes
nol

Fabrizio Margaroli



Rejecting QCD (1 )

* Main background source even after trigger reqs

~ o |
Is 2 jet
-QCD events with mismeasured jets will appear as .

Fake Missing E
events with high MET 15t B

* Requiring is very effective in removing

the QCD backgrodunds:

ot 1 - rejects 1 order of magnitude of backgrounds,
0.2 ZH Monte-Carlo . . o

223 I MET+Jets sample V\./hlle causing loss of only about few % of

0.16 5|gna|

- Can use discarded QCD events to build a
data-driven model of b-tagged multijet
production (analogous to the one showed
earlier)

882
[TTTTTTT

=L
+{i2,MET)

e Require b-tagging to reject QCD production of light flavour jets
(reduces 1-2 orders of magnitude)

Fabrizio Margaroli CERN EP/PP seminar 34



Baseline requirements

* Require orthogonality in lepton cuts to channels with identified leptons

* Low jet multiplicity: 2 jets from Higgs, additional jet from

- Initial/final state radiation
- e or t leptons reconstructed as jets

* Analysis with identified leptons usually have a “reasonable” S/B ratio after
minimal requirements. Here S/B = 1/20,000 after trigger on Met and jets

requirements, mostly QCD

MET
Signal Box
NO leptons Missing E;, CR1, Exclusive ST
_ CDF Run Il Preliminary, 2.1 "
4000 -
o 0 Mutiat
3500 =i
30005_ P vienF

2500F

2000

1500|

0.4 AG(MET, jet2) oo,

500

Use sidebands to check
background modeling - prediction = ™ T ™ T Flew

Fabrizio Margaroli CERN EP/PP seminar

Number of Jets, CR1, ST+IP .
CDF Run Il Preliminary, 2.1 fb

200

200

700

600

500

400

300

200

100
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QCD rejection using tracks

Other key elements to reduce QCD:
* compute the track Pt imbalance (MPT) in the transverse plane

- Complementary information to the transverse energy
imbalance in the calorimetry (MET)

Track MPt, CR1, Exclusive ST

50 100 150 200 250 300
GeV
Ad(TrackMPt,MET), CR1, Exclusive ST Pr (GeV)

2000 muon from b

1500

e Use both MET and MPT infos into multivariate technique to
reduce QCD! Advantages:

-increase the signal significance and purity
s s - use QCD-rich region of NN to set a normalization for QCD

2
AQ(TrackMPt,MET)

Fabrizio Margaroli CERN EP/PP seminar 36
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Final event selection

Use all possible informations to reduce the instrumental QCD background

¢ Most of multijet events (the ones due to

instrumental effects) are separable with this
technique, with minimal loss of signal and large

increase in sensitivity

Showing NN output on 0
events with 1 identified 600

Average over the three
b-tagged subsamples

b-jet (b-tag)

Qt.y | Preselection AFte:U?CD Difference
S 7.6 7.5 -0.5%
B 4010 1800 -50%
S/B ~1/500 1/240 times 2!
S/VS+B 0.12 0.18 + 50%

Fabrizio Margaroli

QCD Rejection NN, Signal Region, Exclusive ST

1400
12000

1000}

ao0[: 3

200/

Now the S/B ratio is as
good as in events with 1
identified lepton, and
acceptance is larger!

Higgs meeting June 27
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Subdivide the sample

After all cuts, we maximized acceptance to Higgs in signal region!

ZH — |l bb (leptons are mostly us or ts)

WH events are

e Around 50% WH—e/uv bb

e Around 50% WH—t v bb, where half of

the times the t is reconstructed as a jet

) N Higgs evts
Using as figure of merit S/V'B b-tags (@115GeV) Nbckevts | S//B

we expect roughly

* 40% improvement by 1 SecVTX 4.0 1548 0.10
splitting in high and low
S/VB regions 1 SecVTX 1.5 149 0.12

. +1 JetProb

¢ 10% improvement by
including the worst S/vB 2 SecVTX 2.0 105 0.20
region (1 b-tagged jet)

Fabrizio Margaroli CERN EP/PP seminar 38



Other SM backgrounds

q
g
.. ( )
. b
[
T ————
e
3 .
W -— -—
a Ve,Vu

/ ) < \

Dibosons WW/WZ/ZZ

Most similar to signal, but also o

smallest cross section

Fabrizio Margaroli

b+ W/Z production in association with jets

Largest background after QCD .

g'l

Top pair production  « X

Dijet Mass, SR, Single Tight

-1 ZHHF

S M most peculiar

ol = feature of Higgs

B Mistag

Commsxo signal

* But resonance is
broad, and all
bcks peak in the
same place!

100 [~CDF Run II Preliminary, 1.7 fb

60

2
e i s S O
50 100 150 200 250 300 350 4UQ
My (GeVie )

CERN EP/PP seminar
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Multivariate discriminant

Higgs (and single top) typical search challenges: small significance of a possible
excess, and large systematics, (up to 40%) which easily cover the signal

* Need for a multivariate analysis

Dijet Invariant Mass, Signal Region, Exclusive ST

Run_ I Prelimi 21t -1
300 CDE —a— Data

I Mutijst

| R
250 B singis Top

200
150~ ~
100-

50:

Fabrizio Margaroli

mmmmm

100 200 300 400 500 600 700

M, (GeV)

TrackMET NN, Signal Region, Exclusive ST

COF Run Il 21w’

Macimurm AR between al jots, Signal Region, Exclusive ST

250

-
[
| EEi]

<ean

NNoutput, Signal Region, Exclusive ST

400 - Data
C 0 Mutijet
C M~
350 I o 7
- Diboson
3007 LS
Z+H.
A
VH11

-

I ki

more
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A look at the discriminant

NNoutput, Signal Region, Double Tagged

. . COE -
Higgs magnified X 25 100 . o
Higgs magnified X5 e
80— B single Top
NNoutput, Signal Region, Exclusive ST = ”L‘“
500 CDF. Run Il Preliminary, 2.1 b i v
: * :T:J_EI 60 + —— VH11545
: B oo Pair :
400 B single Top B
: -DiL:cmn 40—
300 — i _
. + 20 ++ ; +
| | e
2001 . 0_|,M#.....| o PO
- + 15 -1 -05 0 0.5 1
i _+_+ NNoutput
100 .
- bt
i ' ++-¢- . . - .
i * N S/B ratio 1/5 in most sensitive bin
°1|5'E-|1-4A'l0!5'"'tll""ois""%"l wW 0.4 Hi h
- - ~ NNoutput e expect 0.4 Higgs events here

- (assuming M;=115)
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Final results

e Analysis updated since ICHEP. Changes since then:
- Discriminant optimization separated for 2- and 3-jets events (6% improvement)
- Wider use of track-based variables in discrimination (6% improvement)
- Included the acceptance from ZH — Il bb (3% more signal)

CDF Run 11 Preliminary, 2.1 fi*

-------- VH—> B, + bb Expected (68%CL)
VH—> B, + bb Expected (85%CL)
— new
........ Expecied 95% C.L. limit
—— Observed 85% C.L. limit '

Y
L=
1)

95% C.L.limit/SM

Exp 47| 55 | 85 [13.5
A Obs 61| 6.6 |11.9 |15.4

100 110 120 130 140 150
Higgs Mass (Gawcz)
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Fabrizio Margaroli

Key components

Lowered MET cut and accepting 3 jet

events
- Doubled the acceptance

But backgrounds increase much faster!

Use track MPT and more in a NN to
select events

- Increased significance
Data-driven background modeling
- Control systematics

track+cal jet energy measurement to
improve M. resolution

Multivariate discriminant

- enhance sensitivity

10

1

100

of the analysis

Expected limit, COF Summo07, 1 7!

Expected limit, COF Win07, 1.7fb"

Expected limit, D0 Win07, 2.1fb™

Expected limit, COF Summ08, 2.1fb™

T IIITTII

1_ L1 11 | L1 1 1

|IIII|I1lI|I1IIIIII

130 140 150
Higgs Mass (GeV/c?)

110 120

Improvement of almost factor of 2 since summer 2007!
With only 20% more integrated luminosity!!

CERN EP/PP seminar
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What about DO’s met+jets?

e DO looks in the same channel using similar techniques; not really an apple-to-
apple comparison though:

- DO has a dedicated HW — tv bb channel

- DO has larger e/mu angular coverage

* Main differences in the strategy

- DO does not use events with 1 tag

- CDF gets 10% sensitivity here
- DO does not have a NN event selection - CDF gets additional 10% here

50

40

Events / 0.05

30

20

10

Higgs
""" o pratmarary 2] | Analysis | Lum (1) | Events | P | BP%
= (@115) | ~™
CDF 2.1 75 | 55| 6.6
T - DO 2.1 3.7 | 84 | 75

cc

Fabrizio Margaroli

DT discriminant

CERN EP/PP seminar

Remember! At low mass, we need
combination of many channels from
both experiments to have a chance to
exclude/have a hint of Higgs
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How to further improve

- Already have ideas on how to improve the QCD NN selection

- Work ongoing to relate MET to jet energy through jet energy
resolution

- Improve trigger understanding to use the low MET tail and gain
acceptance

- Improve MET resolution at trigger level
- Use additonal trigger to recover events (MET>45 GeV)

- NN b-tagger at work, increase tagging efficiency keeping same fake
rate - work in progress

Fabrizio Margaroli CERN EP/PP seminar
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Want to benchmark
with larger cross-
section processes,
using the same tools
used for the Higgs
analysis

Benchmarking

| Process | Exclusive 1Tag | ST+8T ST+JP
QCD + Mistags 941 = 44 42187 | 78x12
Single Top 43.2+79 85+1.7 | 7.2x1.5
Top Pair 125 £ 17 27.4+43 | 271+ 4.6
Di-hoson 35.6 £ 6.8 49+1.2 | 43+1.1
W+ h.L 2ui T Lol L1.Ux 0.0 al = 11
Z +htf 107£46 | 10.8£5.0 | 11.3+5.2 |

| Total Exp | 1548 = 146 105+ 13 | 14917

| Observed | 1443 105 148
ZH — vwbb (MH115GeV) 2.1 1.0 0.8
WH — (I)vbb (MH115GeV) 1.8 0.9 0.7
ZH — (Il)bb (MH115GeV) 0.09 0.04 0.03

Diboson production well known thanks to LEP

Acceptance here to WZ and ZZ to bbar and
missed charged leptons/neutrinos S=45 events

Similar to WH/ZH thanks to the Z reconstructed
mass

Diboson are natural benchmark, but...see next slide

Fabrizio Margaroli
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 Single top discovery (50)
not achieved yet

- will integrate more
luminosity

e Can we use orthogonal
datasets to increase
precision?

- No efficient trigger
for all-had decays

e But we can use events
w/o identified leptons!

VAV AV AV AT,
/ W*
q b

Fabrizio Margaroli

Single top

| Process | Exclusive 1Tag | ST+8T ST+JP

| QCD -+ Mistags | 941 =44 42.1+87 | 78+12

| Single Top | 43.2%79 8517 | 7.2+1.5
Top Pair 125 £ 17 TATAI T TTE46
Di-boson 35.6 £ 6.8 4912 | 43x1.1
W + hf 297 £ 130 1L0£65 | 21+11
Z +htf 107£46 | 10.8£5.0 | 11.3+5.2 |

| Total Exp | 1548 = 146 105+ 13 | 14917

| Observed | 1443 105 148
ZH — vwbb (MH115GeV) 2.1 1.0 0.8
WH — (I)vbb (MH115GeV) 1.8 0.9 0.7
ZH — (Il)bb (MH115GeV) 0.09 0.04 0.03

L J

Acceptance here to events with escaping e/y,
hadronic T — 70 signal events!

S/B ratio ranging from 1/10 to 1/30, similar to
leptonic channel!

Extremely challenging to discriminate

- Top four momentum cannot be reconstructed
here due to the W boson being not identified

CERN EP/PP seminar 47



Single top in MET+jets

» Single top is and red
- Use shaded area to normalize multijet

x2prob0.87 | .. ... "M%

KS 0.60 Soaiiiiiiiiiiiinininininind

%2 prob 0.89
KS 0.51

05 1 15 i
QCDNN - :::apf:

et

E %2 prob 0.56
[-DATA “‘MJet MTopS TopT ITTBAR BIW+HF ['DIBOSON _ Z::@::: 30 KS 0.2
[NexeNoss | - : : ::
|_"m_: .25 g
o kL &
[ | L - 1.5
BT J|’+-ﬂ'+*+++i++++++ = *+++*+“—L+Jr+ — QCDNN
i [~DATA ~MJet MTopS TopT LTTBAR MW+HF \DIBOSON _ Z+H ::
- NHP-NDES i
1) N, E
uE +
F 4+ . ==_ ’ o
Improved event seIeChon i § ; i “ [~DATA ‘MJet MTopS _TopT LITTBAR BMW+HF 1 DIBOSON  Z+HF |

wrt Higgs search, studies ongoing 3

 sample orthogonal to the published analysis - i3 %+++++++ e
will be combined to - + |

* hope to finish for winter conference
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CDF Low mass Higgs combination

CDF Run Il Preliminary, L=1.9-3.0 b’

E = WH+TH—=EEMET 2.1 1" Obs
& LEP e o Both results are very
E e . . sy e new and each
5 U w240 B e wmaen e provides up to 15%
aﬂ .-"J.'f’ SEEES Combined Exp improvement wri-
o what is shown here
10 .
/ Was 3.3 times the
SM expectation. Now
likely below 3
, |.sm |

100 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)

* No single analysis sensitive to Higgs
e BUT!Combination provides a x2 improvement wrt
to the single analysis

Fabrizio Margaroli CERN EP/PP seminar



Improving w luminosity and ideas!

CDF Run II P

reliminary, m =115 GeV

Expected Limit/SM
b9 g 1o 3
in th n = Ln tn Ln

Summer 2005 Channels
Summer 2006 Channels
Summer 2007 Channels
Winter 2008

ICHEF 2008

With Improvements

]
e

0

Fabrizio Margaroli

2
Integrated luminosity/Experiment {ﬂ:a']‘]

4 5 6 7

CERN EP/PP seminar

All analysis are
improving

Latest MET+jets and
lepton+jets searches
not shown here

- 15% improvement
in both channels
with same
luminosity

Yellow band means

exclusion level once
combined with DO

- Getting close to
the yellow band!
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Tevatron Low mass Higgs

Channel

95% C.L. Limits

o-BR/SM obs (exp)

95% C.L. Limits
o-BR /SM obs (exp)

WH—lvb
WH—tvbb
VH—qqbb
ZH—llbb
ZH—llbb

ttH—Ivbbbbqq
H—yy

H—tt

5.6 (4.8) 2.7fb"
37.0 (36.6) 2.0fb"

11.6 (11.8) 2.4fb1
14.2 (15.0) 2.0fb"!

30.5 (24.8) 2.2fb"

9.3 (8.5) 1.7fb"
35.4 (42.1) 0.9fb"

11.0 (12.3) 2.3fb"

63.9 (45.3) 2.1fb"
30.8 (23.2) 2.7fb"

Combined

In progress

In progress

Fabrizio Margaroli
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Tevatron combination

e As you know, CDF+DO started excluding SM Higgs boson in the mass
range of 170 GeV

. == 1-CLs:Observed
...: ........ cror _ A T O L e oA o0 e e | —— i..;.;'.u:.l.-C-[;S.?Expctt:cd ...........
E Expcctcd tl-o

............ 4 N DA N . . 4Expgg;edﬂ-ﬁ

1-Cl.s

1.1

P — . 95%CL.
- \ | 90%CL

* Plot show ICHEP y
result, mass range
rapidly expanding N 4

5 190 195 200
my, (GeV/c?)

155 160 165 170 175 180

e Combination @ low mass much more complicated, require combining
tens of different channels, with additional subsamples - work in progress

- Expect to see something at the winter conferences
Fabrizio Margaroli CERN EP/PP seminar 52



Conclusions

* When looking for small signals, do not throw anything
away!

- Hadronic signatures have acceptance to large variety of
decays (leptonic as well)

- Enhance sensitivity of measurements and searches
through combination of different decay modes
(additional statistical power, different systematic sources)

* Hope to be able to exclude a wide Higgs mass range

- Starting to carve around 170 GeV - need more (and
fresh) brains at low mass, but we are on the good track

- Exclude SM Hiqggs, or discover it!

Fabrizio Margaroli CERN EP/PP seminar 53






The detectors

Central Calorimeter (EH)

Wall Calorimeter (H)

v" Calorimeters:
central, wall, plug

§ ‘? “ coverage: |n|<3.6 CDF

Plug Calorimeter (EMH)

Forward Mugn

Time of Flight
\ entral Outer Tracker

R v
Forward Calorimeter (E) \ | L]: 1
an

Jl Silicon Vertex Detector
Intermediate Silicon

v Tracking: silicon tracker +

drift chamber (CDF) |n|<2
scint{DO) |n|<3

v Muon coverage |n|<2 P

Fabrizio Margaroli CERN EP/PP seminar
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Production cross-sections

proton - (anti)proton cross sections

%I T III T T T T T T 171 :I T T T 1 IIII E T T |§
3 - ] .
10" = o, ——— {10
10 3 Tevatron LHC E 10
10" ¢ T
10° £ o 410°

E GD ’ E

107 = . 10° ]

10° F 110 s

10° ;_ Uja(Eij}"‘:s"rzD) _; 107 ::E

: E I

":—j 10° = T . 100 -

© 10 F - 2100 2

£ o, (E;” > 100 GeV)

10" 310° 3
10° F 110°
10-3 é_ O e five | —é 10-3
107 r Giez(ETjE1>-,-'8a’4) _ 10°
107 ;_gHigge(MH =150 GeV) _; 10°
s L ./ 1. .
10 0,50 (M,, = 500 GeV) fr | 10
10-'.‘ _||||| 1 Ll l|."I:I o ool L . '_10'-"

0.1 1 10
Vs (TeV)
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Top production at the Tevatron

Top quarks at the LHC are produced either through with a cross
section of approximately 800pb* and relatively striking final states
q t g9 t
® g ° \ ,c- : g bl -
= /g re
T 10% 7 90% !

" Assuming Mtop=175

Or through with a cross section of “100 pb” but final
state similar to many SM processes! Q a

/ & t
VAVAVAVLY D
/ W= A g < -
q b $ Y i

5% 95%
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The Mtop/JES measurement

Step 1: Kinematically reconstruct the events to build the observbles most sensitive to
Mtop and JES

_ (m — M) (m'P = My) (m'Y) —m rec)? {m 2 mrec)? (p pircas)?
2 _ 11 J b £ E : I i 1,1
‘ll. - 1_ ] + l\f + I--u:_}- + .:_}- + ,’}'—
i i i I’

Step 2: parametrize Mtop templates (varying top masses) with a smooth function
Step 3: feed an unbinned, extended likelihood to be maximize as a function of
Mtop, JES, number of signal and background events

?1:?" a mTes
1 ey - Rl - f
. » . 4 Tl s * :.l.ri'f !-|"Ilrf‘-""l]'h'l_'ll'l.I,li'.i '.'Inl',g:
L=L X Lotons X Lipe _H . ; .
ltag 2tags JES.onstr :_l ——n
L= =
r::u- ; g _JII{.Il.
" 5 5 . ¥ . N e "i'.-'r’_;. VI W g :1-“,-..,,.”'.. 1 | "":':'-F,I,;' o |:|'i'|'|,-|_'_ .:|
L12tags = Loty X L35 X Lpoiss X Lywva  Lyps = [[1ov BaFeis . ._
|._|Frl_|.'.'| lI|.Ir|l,-..l.. JE: POiEs -',"',-,”5_3? j:“-\_\ .r_I ”.+”J
i El = T o 2 . Loy "
_ -\.Ik_j ._I-\.|l.- compsate ! I:' - o im g blln. | .'I'I'I:-“'\-"I
'II'I::.I]:"-""- t —_ F“‘ _FIEJF'F;' onsatr .ll:lll:'!ha. _ -1" ."\-II.-'.!
JNDeamat e
I”.I i -II
o
Lo bkg =¢ (b, eap)
-I"'.\.'-\. i'-E. L)
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Calibration

Output Mtop vs Input Miop (JES = 0.0) OQutput JES vs Input JES (Mtop = 175)
3] =

> 190f 2 [
S MM+ A M -175) = I oud in
3 Micg = A+ Ag (M 3 - —— JES"“ =B, +B, JES
= 135: A, =17487= 0.10 E af B,= -0.01= 0.03
H A= 100+ 0.01 B,= 1.00: 0.2
& 180}

175

170}

165/

1Eu ] 1 1 1 I 1 1 1 1 ] ] | 1 1 1 1 I 1 I 1 1 1 1 | 1 ] I 1 1 1 1 I 1 1 ] ] ] 1 | 1 1 1 1 I 1 I 1 1 1 1 I 1 1

160 165 170 175 180 185 180 =3 =2 =1 0 1 2 3

Input Mtop (GeV) Input JES
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M

Systematics

top
Source r‘i;".ffj;ff (GeV/e?) [ §JESSYS!
Residual bias 0.32 0.06
2D calibration 0.03 0.01
Generator 0.48 0.26
ISR/FSR 0.31 0.10
Background templates 1.03 0.16 Will scale w 1/4/L
Signal templates 0.26 0.05
h-jets energy scale (.55 0.09
SF Er dependence (.35 (.05
Residual JES 0.80 =
PDF 0.41 0.11
m; " /mi;" correlations 0.21 0.00
Pileup 0.28 0.03
Total 1.70 (.36

Fabrizio Margaroli CERN EP/PP seminar



Using jet shapes

~ 0.4

* After using NN with 11 variables and btag &
. MY 0.35
S/B still < 1 o |
. S 03

* Need unused variables i
* Quark-jets are known to be (on average) o
narrower than gluon-jets o2
-Both get narrower as Et increases 018 |
0.1

| EtaMom scaled geo-avg |

“E tt multijet events 0.05
02C mulli events |
0.15 0

a1

0.05—

foa~ DO 008 04 042 014 046 018 D2
- moment (geo-ave)

Midpoint Algorithm (R=0.7)

@ DATA
— PYTHIA Tune A

------ gluon—jet

0.1<I1Y"1<0.7

50 100 150 200 250 300 350

P (GeV/c)

-Jet shapes orthogonal information to

LE FPhiMom scaled geo-avy the ones in the NN

0.1-:;;— tt |n_L|I'.|Je=.=1 events . . ..

o mt events -Feed the NN with this additional
e variables

" :_éTo'T;_"E'c-T;‘ 008 01 042 0% 046 048 02 _POtenhal up |.op x2 Improvement In

et (gooa S/B (with roughly same efficiency)

Fabrizio Margaroli CERN EP/PP seminar

61



Using in situ JES calibration for o,

* Problem: Previous cross section measurement of o, in the
all-hadronic channel was limited by JES

* Solution: use in situ JES calibration to reduce systematics!

[y — N JE 7t T . AT N 777 1749
_ _?%E_b_ _ [np ach V) 'H-P;-Pb{m-"r”j + HHP,,- {ﬂl“{” |ﬂ'ff,up-'«IES}
‘I’Sam-l?irﬁ =€ AT N . H L E
Pl Ny + Mg
| N r,  dd Y T
Efficiency MTOP_JES | H Thh III_J:;JFir (Tﬁr’ij} -+ T g Fbw (Tﬁ'ri / Jnlr’.]rﬂ{_,p._. JEAB::I
g : Ny + Mg
i=1 '

e Parametrize the efficiency as a
function of M,,, and JES

* Write n=0 x L x ¢(M;op, JES)

* Measure simultaneously M,
JES and o, (allow correlations)
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Correlation for QCDNN

Correlation Matrix (signal) Correlation Matrix (background)

Linear correlation coefficients in % Linear correlation coefficients in %

100

MaxDPhiJs

hiTrkMPT_Ji | ~.:] | y R . D . &
DPhIiMET_Ji -
s ht3
MaxDRJs MaxDRJs . 20

i-tr. mptPhi)) i-tr.mptPhi)) - . -40

met.metcorr met.metcorr

tr.mpt [T ) tr.mpt g
-100
.y Mey aCog, Mayp, Btz Ming, Ming, Moy mh,

* Neural networks allow easy exploitation of the different
correlations in S/B between input variables

e Correlation pattern is indeed pretty different
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Correlations for QCDNN (2)

(i = X)(¥i — V) between different observables

Check modeling of correlations rxy =

ox -0y
MaxDRJs VS mhiTomel, CFH, Exclusive ST MaxDRJs VS _mpt, CR1, Exclusive ST met_VS_Mjjj, CR2, Exclusive ST mplmeiphi_VS_MaxDfJs, CHZ, Exchusive ST
1400 - 220, e
r W E [
12001 e 2000 el
[ 150':— —
1000 - 160 v
r 140/
1200
1000
a0~
60
40-

El 2 3

0 1 2 1 2 1 - [ 1 2 1
MaxDRJa ¥S mhiTomet MaxDRJs VS mpt met VS Mjjj mptmetphi_ VS MaxDRJs
hi3_WE_MinDPhiTrHMPT & G, Exclusive 5T hil3_VS MaxDPhls, CR1, Exclusive 5T gAmeaphi V8 MMDPRITHAMPT i, CH2. Exsiusbon 5T mptmaiphl V& MaxDPhids, 6RZ, Exdusive 5T
180 ;'— E T
e 11“)_—

140

| ] -
[ Wr 1200
120 O [
[ 100
100+ [
r ok
80 x
60 BO-
aof a0k
a0 20:—

1

E 2 El - E E 0 1 2 3
ht3 VS MinDPhiTrkMPT Ji ht3 VS MaxDPhids

A

E] 0 1 2 ! 0 1 2 E
mptmetphi_¥S_MinDPhITrkMPT_Ji mptmetphi_WS_MaxDPhils

Data-driven QCD modeling Monte Carlo modeling
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More on data-driven multijet model

M rm uF baan i o, 5§ Lo, TRIVA_CHIDRIC -1 5, Exokuniwa 5T

_GOF Aun Il Brefiminary, 2.1 1t

- —- Duma

E B v
*0- [

o I s Tew
3m - Do

F W e

- TeMF
250 [

E —
200 :—

......

sszssasasEBE

o

=

ty
e e T

iy
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Check QCD
shapes,
Extract
normalization

TMVA Qutput, Signal Region, Exclusive ST

QCDCR2 QCDCR3

Check QCD
shapes
AND

normalization

Signal Region

Look for
signall
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Higher/lower sig samples

Top N signal evts | N bck events | S/ (S+B) ~10% improvement
by splitting,
1Tag 408 2410 7.7 ~20% improvement
T 200 338 8.6 b)’ including the low
S/B region (1Tag)
Higgs | N signal evts | N bck events | S/+/(S+B)
~40% improvement
by splitting,
AU 1Tag 4.0 1550 0.10
10% improvement
by including the low T+JEtProb 1.8 150 0.15
S/B region (1Tag) T 1.9 105 0.19

Fabrizio Margaroli
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nggs MET+jets: 2/3 jets

2lets | S/I(5+8) 0.232+0.112=0.255 vs 0.25
i.e. negligible gain
1Tag 2.6 1000 0.08 N bek
TJ 1.2 94 0.12 2+3 jets | N signal evts events S/V (S+B)
TT 1.4 66 0.17
1Tag 4.0 1550 0.10
3 fets S B S/\f(S+B) TJ 1.8 150 0.15
TT 1.9 105 0.19
1Tag 1.3 544 0.06
TJ 0.4 55 0.05
TT 0.5 37 0.08
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Setting the limit

e Use Bayesian approach:

Nc  Nbin
- Bayesian L(R,5,p]| 7,0 H H Pt ix[Te

o If the excess is significant after combination, do more
checks to make sure not statistic fluctuation.

* If no excess, set 95% CL upper limit vs mH
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CDF and DO

Final state signature CDF DO
WH — Ivbb 5.6 8.5
VH — Met + bb 5.5 8.4
ZH — Il bb
115 GeV 10 12
CDF gg, VBH, VH — jj 25
DO H —yy 23
VH—qqbb
160 Gev H—- WW?* — Ivly, 1.6 1.9
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DO Higgs combination

95% CL Limit / 6(SM)
[—
-]

100 110 120 130 140 150 160 170
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